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(54) LIGHTING DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: TO provide a lighting device 
which can make the intensity of polarized illumination 
light uniform without lowering the degree of 
polarization and which is be inexpensive and can be made 
small in size. 

SOLUTION: In the lighting device lighting up a spatial 
modulating element 5 with the polarized illumination 
light from a semiconductor laser light source 1 through 
an optical element, the illumination light is not in 
parallel to a direction nearly parallel (or 
perpendicular) to the plane of polarization of the 
illumination light and nearly parallel to a direction 
nearly perpendicular (or parallel) to the plane of 
polarization of the illumination light, and a rod lens 4 
on which the illumination light is made incident is 
provided as the optical element in from of the spatial 
modulating element 5. Or, a prism surface array which 
puts together the illumination light having been split 
into pieces almost at right angles to the plane of 
polarization of the illumination light is arranged on 



the projection end surface of the rod lens 4. 
COPYRIGHT: (C)2002,JPO 
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Title of the Prior Art 

Japanese Published Patent Application No. 2002-268000 
Date of Publication: September 18, 2002 

Concise Stat ement- of Rplpvanry 

Translation of Paragraphs [ 0018 ]-[ 0024 ] , and Figure 1 
[0018] 

Hereinafter, an illumination apparatus related to the 
present invention will be explained in detail. Figure 1 shows 
a pattern diagram illustrating an example constitution of 
illumination apparatus related to the present invention. In 
Figure 1, 1 denotes a semiconductor LD (laser diode), 2 denotes 
a collimater lens, 3 denotes a cylindrical lens, 4 denotes a rod 
lens, 5 denotes a transmission-type spatial light modulator, 21 
denotes an optical axis of illumination light, 22a and 22b denote 
beams each indicating the uppermost and lowermost parts towards 
the paper plane in respect to illumination light comprised of 
a laser, and 23a and 23b denote beams each indicating the most 
back and the most front parts towards the paper plane in respect 
to the illumination light comprised of a laser. A 
transmission-type spatial light modulator 5 is comprised of 
polarizers, a TN liquid crystal board with p-si elements and 
analyzers. Although it is not illustrated, an image of the 
transmission-type spatial light modulator 5 is projected by a 
projection lens arranged at the further right side of the paper 
plane of the transmission-type spatial light modulator indicated 
in Figure 1 on a screen which is also not illustrated, thereby 
a graphic display device is comprised. 
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[0019] 

In Figure 1, illumination light comprised of a laser 
emitted from the semiconductor LD has a light density 
distribution which is nearly identical to Gaussian distribution, 
and transpired, as a beam being 1/ (e 3) against the center of 
peak intensity, to both the upper and lower directions at about 
30 degrees (i.e. an angle between the beam 22a and the beam 22b) 
and the vertical direction to the paper plane at about 10 degrees 
(i.e. an angle between the beam 23a and the beam 23b) . Making 
the transpired beam a parallel light with a cross section having 
an ellipse shape towards the direction of movement by collimating 
the beam using the collimator lens 2. After converging the 
illumination light, which is an ellipse-shaped parallel light, 
by the cylindrical lens 3 only towards the vertical direction 
of the paper plane, the light is injected into the rod lens 4 
having a zero curvature on the both ends. Within the rod lens 
4, a virtual light source position shifts to several locations 
since the illumination light repeats multiple reflections only 
towards the vertical direction of the paper plane thereby the 
light intensity is equalized towards the vertical direction of 
the paper plane. The degree of equalized light intensity is 
mainly determined by the light intensity distribution of the 
illumination light from the semiconductor LD1, a state of 
convergence performed by the cylindrical lens 3, a cross section 
shape of the rod lens 4 and a length of the rod lens. 
[0020] 

In the case of Figure 1, the distribution light intensity 
of the illumination light from the semiconductor LD1 is Gaussian 
distribution, thus it is a steady value, and the cross section 
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shape of the rod lens 4 is, as shown in Figure 1, not hugely 
different from the shape of the transmission-type spatial light 
modulator 5, which is an illuminated object, so therefore, the 
equalization of light intensity is mostly determined by the state 
of convergence performed by the cylindrical lens 4 and the length 
of the rod lens 4. The equalization of light intensity is 
improved by increasing the power of the cylindrical lens 3, due 
to an increase in NA of the illumination light, -an effective light 
use efficiency decreases however in some cases. The 
equalization of light intensity is improved by enlarging the 
length of the rod lens 4, however, the size as an illumination 
apparatus becomes large. Further, Gaussian distribution of the 
light intensity is maintained since the light towards the upper 
and the lower directions remain as parallel light. 
[0021] 

At this point, the illumination light injected into the 
rod lens 4 has a big polarization towards the vertical direction 
of the paper plane, and further, since it is totally reflected 
only towards the two planes that are vertical to the paper plane 
of the rod lens 4, the state towards the reflection plane always 
remains as P polarization, thus the polarization plane does not 
rotate from multiple reflections within the rod lens 4. 
Therefore, the illumination light emitted from the rod lens 4 
and equalized towards the vertical direction of the paper plane 
becomes a state in which the degree of polarization is kept same, 
thus it is possible to illuminate the transmission-type spatial 
light modulator 5 adjacent from the side plane of the rod lens 
4. When a collimation of the illumination light is not fixed 
precisely due to aberration or imposition errors of the 
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collimator lens 2, or an optical axis of optical system is 
misaligned due to an imposition error of the rod lens 4, a state 
within the rod lens 4 becomes a grazing-incidence in which both 
P polarization and S polarization exist, thereby polarization 
of the illumination light decreases slightly. When polarizers 
are not comprised, it results in decrease in contrast of the 
transmission-type spatial light modulator 5 but when polarizers 
are comprised, light use efficiency becomes important as 
illumination light. Even in those cases, an illumination light 
having a P polarization ratio of more than 95% can be made easily, 
and even considering the transmission rate of polarizers, light 
use efficiency of more than 80% can be achieved easily. 
[0022] 

As shown in Figure 1, light intensity can be equalized 
towards particular and the vertical directions while maintaining 
polarization by controlling illumination light to be parallel 
towards a particular direction where the polarization is small, 
and passing the illumination light through the rod lens 4. The 
rod lens 4 is a type of rectangular solid glass blocks, thereby 
manufacturing can be very easy compare with an array having big 
prism planes, and it can be made as a low-cost illumination 
apparatus. Also, the shape is slim and small thus an 
illumination apparatus can be made slimmer. 
[0023] 

As shown in Figure 1, the collimater lens 2 and the 
cylindrical lens 3 are not limited to a single lens. Using a 
plural of lenses can be maintain better polarization, and 
further, the lens can be an aspheric lens used for molding or 
grinding. Nitric materials for these lenses and the rod lens 
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4 can be, other than optical glass, plastic, aerial space, 
diffraction lattice, holographic elements and binary elements. 
Further, although a spatial light modulator in Figure 1 is 
illustrated as the transmission-type spatial light modulator 5, 
it does not have to be a transmission type comprised of liquid 
crystal boards, it can also be comprised of such as reflection 
liquid crystal elements, reflection mirror array from micro 
electromechanics or the like. Further, a means for observing a 
spatial light modulator does not have to be a type using a 
projection lens and a screen, such as describe above, it can be 
an HMD using a virtual lens. 
[0024] 

Although depending on a shape of the rod lens 4 and a 
specification of equalization of required light intensity, the 
power of the cylindrical lens 3 is preferably a component of 
illumination light which totally reflects more than twice, and 
more preferably, a component of illumination light which totally 
reflects more than thrice. In the case of totally reflecting 
more than thrice, the uniformity of light intensity can be easily 
brought within 35% when NA is about 0.1. Tilting the light axis 
of the rod lens 4 slightly to the light axis of illumination light 
that is original parallel light having Gaussian distribution to 
equalize light from the rod lens 4 is also effective for the 
equalization. A gradient angle of light axis is preferably 
ranging from 1 to 10 degrees, and more preferably ranging from 
1 to 4 degrees. In the case of tilting the light axis, it is 
necessary to design by noting that NA in the illumination light 
may increase according to the degree being titled. 
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[Figure 1] 
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tt^aas^M3t^giss^-eS) 9 , 2 1 i*mmyt<oytt&T- 

20 2 2a, 2 2b(4, ^ix^ix, Jf3ft*»6*S 

T?fetJ, 2 3a, 2 3b(4, ^tL^'iX, U— fitii^tt 

xt ^ ^ y -vti 19 s*^gt4«^t5 r i frx-z 

[0 0 3 8] H4(Cfe^T, JNH(:LDliO>6ttaiSh 
l — ■ if * A> & >fc 5 flBOT3te«, 36SS«^*^ IS \2# V 
TV^T-fet), t^rof-^Mic^LT, l/(e 
?0 " 2) k?£Z>yt^t UT, ±:T^(Ci^3 0« (i"*t? 

3ti»2 2 a t3b»2 2 b t<^^^) , «tffi(C*fLT 
Iit*lSia!)10$ (-Tft;b*>, 3ti^2 3 a k%M2 3 
bi'oA*) T^»$Jx5 0 »**3t*, =y>-*u 
VX2"C=y>— h LT, itff^lRjfESsf-rs^fffi^ffiR 

£r>y VK!)*A-I/>Xl 0Tlftffic7?±-F^[p](c<r)^«x 
3 lcA#t&-B:-5 0 ^nyKi^yXnrtf, fiSI^Tttt 

'&frLDi<nmwftcoftmmft$ib'>!) > Ky 

Xi oicisiK^Wffijoiu'U'VXggp^-^ ui^fo 
5/ F»Xi 3«Wtin^ KuyXflciot, 
^(E^r^^tt5 0 -^fc, /^®OStt^-|p](iip^T3tCDS4 

[0 0 3 9] SEJgcij/ Kl^>Xi 3 (CA#J 

*J!9, SSSfy KuyXi 3 «JjRffiHSDt* 2 flS 
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z\<Vtitb, h^yXi 3 (OT' y XAI7 U-C 

&*5fcB*+«iffil 4 a, 1 4 b*»&«cffl$n, JKBBOi 

fcMtflSffi 14a, 14b «»feJfcttJS*tfcfiHW3tHt, -tft 
UiMil 4 a, 1 4 b iCftfc-tZ 20 

©jssnstas, Siisspajt^wiig^ i 6 ict v) mmnm 

fk$ixfcBBW5tt/«C5 0 tttttSSIE 1 4 a , 1 

4 b TcofiS^Jt^SAttW^W:, «3ttt*s»»*ftfc 
P«3fc:fclK-e*>5<0-C, «3t*sisHEi--5r i:^/«c<, a 

4 a, 1 4 b^e>MSroJiT*-|6]fc5i»Lfcfiai^3fefi, 

[0 0 4 0] E4(£jj*-r<fc #^CO^|S)-e, d»o, 

fts*-a-5itai-e#<5. »Dyh-i,yXi3 

(is I* ftw^7 ^ 7 ^ (o i it-fc >) , *#&7*y 

^.®TU-Yl4a, 1 4 blt^ mm<nm\KJjfa\Cttl,T 

[004 1] lftS/yXAlTKUa, 14b 
14, BSbjt Ki-vXi 3 ft-?fcS&»i&<. £ 
fc, /«©ll/yX7I/-f^kma7^X7W 

V\, *3t, li^557*y XAI7 WCD&I4, @4lOTt 
^i<l3:7C^yXAITKl4a, 14bffl2ol; 
RB££ft*r <!:J4ft< , l/3ISif^r7jX7tXf^->7'V 
J4, L< l4 3*MHBLk, 

J5fato%3tm.<Oi%— 14 Sr 1 5%Krttt5-tjS^ 
"^t3, lSS/yXAST^Ma, 14b 

-Tixi* i < , rfS/h $ ^ fs t\ n a tfS/h $ < /£ y , 
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30 



40 
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SEbftsSffi-CfeoTt) «fc^^ s , 1 ifC7c7°y XAg 

[0 0 4 2] HI 5 14, W**5f;E*W*WtC«i35Ba 
17USfi-CJ,t), 18a, b, c, d, e, f 14 

*i#LD (i — ■ y-'^*— k) rwefco, 19 

a. b, c, d, e, f |4-> y > K I) X;U=t ]) ^ — $ u 

xxr w t-$> y , 2 0 (4-> y ^ k y ^yu= y ^ — $ u- 

VXT'fctJ. 3 f4->y V Ky A/UUyXffc 9 , 614^ 
fnj/K^X-efet), 7 a, 7 b, 7 c 14b y 
XttJ^tSStC^Lfcl^T'yXAErn'T-fct), 8 

<4-> y ^ k y */n/>XTfc y , 9 ttSifSssp-i^fesen 

[0 0 4 3] IU5(c*J^r, l«17l;gitWc^ 
*LD7 W 1 8 a , b, c, d, e, f <£> 5 *>, vvf 
OCO^iJl^LD 1 8 a^^Sctti^n/cL — -y-'^ 

y, «f*>©tr-^!MticjtL'r, i/(e - 2) 

LT»I#fl,c*j3 0«-C»tt£*i.5. tt*tk3t*, -> 

y>K*yx7^=>y^-^ u^xtu-y 1 9 a-r«®<o_t 
=» y > — h u- 2 0 tz i •? iKEewsa:^ ic = y y - 

DTU^18a, b, c, d, e, f <D o *> % ft&OVf 
tl©-OW^LD18b, c, d, e, flCO^T 

?S*t©WT3l6-C*>5-e*i-eix©flBW3t«r">y v Ky X7/U 

^, A*ti!Sffi(Dffi^^oi7?^Bn -> S*l^>X6lcAW^ 
■frSo SInj/K^X6rtT, fl8^3tl4MBcoSia;fr 

ifijtc^-asMSrife y is-r- 1 ic ± y isffli^ag'tes^am 

s{18a, b, c, d, e, f ©flBWftOftMaWJ-** 

->y ^ Kyx7/n^^x2 oicisiRsc^jBfcaejgeiy k 

^H5„ JhT*|Bj|4¥ff3fc©££T&5<75-C\ 
Sfi S© ^/ * -> T sftlStiLVm $ ft -5 , 
[0 0 4 4J rcoi:#, Sfny jCAtt^ft 
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<ofcft, SEfny Ki/yX607!)XAg7Ki>5>/j: 
5ffi*t«8ffi7a, 7b, 7 cfrbfctiiZti, '&m<omm. 

ft $ *i,fcH&0!#M: «3tA*s m c S * s n 

tt5*f)SSS7a, 7 b, 7 cfrtbjfomZivtzmwytl'i^ ^ 
tt^*H(73#EA^ 4 WI«-oJBW*JcjtS: CX±TJ?fS)!,z 
(BfSj^tt, UjltCSD 7 a, 7 b, 7 c 3 OO 

:ffltf, ffiWl7a, 7b, 7cT* 

— ^fC(g|^-t-5r t^-e#5„ Sfc, fctmag®7a, 7 
b, 7 ca^lsajtcSiS^fSj^BitLjtflg^Jify 

[0 0 4 5] El 5 fc^r* 5 JMBCLDT^ 1 8 
a, b, c, d, e, f *»?>*Scti5$tt5iK)tftco^:#i,N 

7b, 7 c^ffl^s- 3fc*ro^:^$Sr/h$< 
U a>o, «3tt£Sr««rL**$P>, yt&Jg&OD—ftX* 

^!)>-^^Xrn'19a, b, c, d, e, f • 
S:ffil/>«rt»CJ:t9, ^m&LDTUJ l 8 a, b, 
c, d, e, f a»&*ffl**L % *IIH-5HlW36***»c 

*0#7^7n 7 ^iiffc!), *#ft;/y XA®T 

ffl^s^y XA7Kt<tbt» i ^jcT-y xas7 u^r 

7a, 7b, 7 )KEW»£;£fR)fC*fLT}*ST?«fc 

Fines, 

[0 0 4 6] 

(i, «Tort#, IS*^i!cfEttro 
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[0 0 4 7] »#*2 KK*(DJS9I»«»C«53Sij|§fc*s 
<Z>!8 W3fe £ 1 o ic^jrt* L ft 5 ft^Sf ^ Sr gg r 4 * 

[0 0 4 8] it*«3 izizmnmrnrnmizmzmmzis 
texmzttisxmw-ftftx&zmwytx'h v , 

[0049] m^4\zum<ommmmz^^mz$i 
^xit, »*q^3telai^oflHW3S■^c*3^^r. mnans/ 

<om Wit* 1 o (c^-fr L.*i><5 Jfe^fc*-?- »t fc r. t £ 
^risjlc^>fc.e>-f, MMT$-a-5ri/£< 1 2^ 

[0 0 5 0] ff*«5 ICfE«^fi30J^«^5^^(C*5 

— ft^-yr-Sr tSrBjsgir-f 5, ^ffi-f, ^»o N /More 
[IHSi^fBf*/£iaM] 

[H 1 ] f»*« i lcl2«tO*W»c«fo5BHi3g««o# 
[12 2 J »**2»clB«i©«lWIC«fo«ffllW||S«<o« 
[|H3] W**3»cia«lo«WK»*)5BBWIIS«0«| 
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[0 4] SS*ll4{CfStt^B^fC#^5fig^«(0« 
[1215] fll«9 5lc|Stt09^lc«4?SM^SIB09«| 

[0 6] fiesEofiHwasiioflififtijs-ratiCBi-e&s. 

5. 

l-ti|*LD (U— - fff^H— K) . 2-=U^-? 

i^>x, 2' -jtftu^x, 3---->y > ki; */n^v 

X. 4, 4' -DyKwyX W7^DyK) , 5, 

tlnyK^X, 7 a, 7b, 7 c-lftjc/yXi, 
i7K (ffiltSffi) , 8 ->>J > b'D ;&vUU-VX s 9 
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X, 11-oyKuvX, l 2-£&£!2ffl3feXp|£ 
^ n-lfByKUyX, 14 a, 14b-l&7c 

u-vx, le-giisr^^, 17-sg, i 

8a : 18b, 18c, 18d, 18e, 18f-fi 
*LD (U— jf^fjj— K) TH\ 19 a, 19 b, 
19c, 19d, 19e, 19f-->!J>Ky^3!) 

^-?^X7K, 2 o-^y >• Ky y ^— ? 

2 1 ••■flB9l3fe0>56tt, 2 2a-ffll«3fe©*±» 
/0 2 2 b •"fiSW36©*T»3feitft, 2 3 a -SBUHftw 

**tB3fei», 2Zb-mm%<oMc^mutft^ 24-g 

{&UVX. 2 (UUt/^/W) , 26, 2 

7 ••• 1 fr.Ttttl-lJtV • **t?-*vft>«, 2 8-22fc5c* 

^X7/u • ^^e^-f if, 2 
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